Recent growth in carbon dioxide emissions from China's energy sector has exceeded expectations. In a major US government study of future emissions released in 2007 (1), participating models appear to have substantially underestimated the near-term rate of increase in China's emissions. We present a recalibration of one of those models to be consistent with both current observations and historical development patterns. The implications of the new specification for the feasibility of commonly discussed stabilization targets, particularly when considering incomplete global participation, are profound. Unless China's emissions begin to depart soon from their (newly projected) business-as-usual path, stringent stabilization goals may be unattainable. The current round of global policy negotiations must engage China and other developing countries, not to the exclusion of emissions reductions in the developed world and possibly with the help of significant financial incentives, if such goals are to be achieved. It is in all nations' interests to work cooperatively to limit our interference with the global climate.
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Introduction
Growth rates in energy-related emissions of carbon dioxide in developing countries, particularly the People's Republic of China, have increased rapidly in recent years.
Emissions from the original signatories to the Kyoto Protocol (known as "Annex B countries"), essentially the developed world and economies in transition, will almost certainly be surpassed by non-Annex B emissions before 2010. This crossing point had been projected by previous analyses to occur in 2020 or later (2) . The main source of unexpected emissions growth is China. According to the historical record provided by Marland et al. (3) , since 2000 the average annual growth rate in China's emissions has exceeded 10%, compared to 2.8% in the 1990's. Globally, the average growth rate since 2000 has been 3.3%, compared to 1.1% in the 1990's. Raupach et al. (4) decompose emissions growth in several regions into the factors of the Kaya identity: population, per capita income, energy intensity of gross domestic product (GDP), and carbon intensity of energy. In China, the first and last factors have been stable: population growth is slow, and carbon intensity has remained consistently high due to heavy reliance on coal. Emissions growth has been driven by a combination of rapid economic development and the reversal of the past trend of energy intensity decline. Between 1980 and 2000, energy intensity in China had been falling faster than in any other major economy. This decline has been attributed to efficiency improvements at the firm level as market reforms privatized formerly state-operated enterprises (5) .
However, since 2000, energy use has not only kept pace with, but slightly exceeded aggregate economic growth, driven primarily by industrial demand and coal-fired electric generation (6, 7) (Fig. 1) . The International Energy Agency (IEA) reports that over 100 GW of new electric generation capacity was added in 2006, of which at least 80 GW was coal-fired (8) . While this rate may not be indicative of an annual average, it represents coal plant construction in a single year equivalent to one quarter of the US coal fleet.
Despite some uncertainty about the accuracy of China's national data sources, it has likely become the world leader in carbon emissions, surpassing the US in 2006 (9). These observations warrant an update to assumptions about future growth used by the economic modeling community in climate policy studies. Accordingly, we have recalibrated one of the models used in the US CCSP report, the MERGE model (14, 15) . Fig. 2 shows new baseline energy-related carbon emissions projections in China, allowing for a range of possible growth rates. These projections are described in more detail here.
Model Calibration
MERGE is an intertemporal optimization model with a top-down general equilibrium representation of the economy and a bottom-up process representation of energy technologies. In each region, exogenous trajectories for population and reference economic growth are used to derive a growth scenario for labor productivity (equivalent to per capita income). A nested production function is used to describe how aggregate economic output depends upon the inputs of capital, labor, electric and non-electric energy. Energy prices are determined endogenously in the model as a result of resource scarcity, technological change, and policy constraints.
The rate of increase in energy demand relative to economic growth is determined both by price-induced shifts among inputs to production (as determined by elasticities in the production function) and by autonomous (i.e. non price-induced) changes in energy intensity. Such changes can occur due to both technological progress (e.g. end-use efficiency) and structural changes in the economy (e.g. shifts away from manufactured goods toward services). All sources of non-price-induced changes in energy intensity are summarized in MERGE by a single "autonomous energy efficiency index" (AEEI) parameter, which operates as a scaling factor on the energy input into production. The exogenous choices of growth rate and AEEI are the key parameters for incorporating updated assumptions about development patterns and energy use in emerging economies. best capture real growth as a driver for energy demand, we observe the rate of growth in terms of constant local currency. For aggregated regions, observed growth rates are calculated using purchasing power parity (PPP) weights. However, the relative size of economies in the model's base year is measured in terms of market exchange rates. After 2010, we consider three possible growth scenarios for developing countries: a reference scenario and two outliers. Table 1 shows the annual average growth rates in aggregate GDP, population, and labor productivity / per capita income through 2030 in China and India for the three scenarios. Although MERGE runs on a 100-year timescale, we focus on the approaching decades for this study. The reference scenario growth rates are roughly consistent with projections in IEA (2007). In the case of China, the high growth rates match those used by modelers in that country (e.g. Jiang and Hu, 2006) to represent the continued achievement of the government's goals. The low growth scenario reflects the possibility of a (relative) slowdown, perhaps due to short-term bottlenecks in material inputs as capacity expands.
Population growth rates are based on the most recent central UN estimate. Over the remainder of the century, we assume that growth rates gradually decline, reaching 1% for both aggregate and per capita GDP with a stabilized population.
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Choosing appropriate values for the AEEI parameter is less straightforward. The autonomous component of energy intensity change can be difficult to separate from price effects in the observed record. For the developed economies such as the US, previous work has supported the assumption of roughly 1% per year decline in energy intensity due to non-price-induced changes. This decline is the net effect of shifts toward less energy intensive industries, improvements in end-use energy efficiency (energy requirement per service unit), and increases in service demand with wealth (a diminishing effect at high income levels). For economies in earlier stages of development, the pattern could be very different. A casual observer might conclude that because developing countries tend to rely on energy intensive industries to begin building their economies, and tend to increase service demand more rapidly as incomes rise, these two effects will dominate efficiency improvements initially, leading to an autonomous increase in energy intensity during this stage rather than a decline. On the other hand, it has also been proposed that faster economic growth leads to a higher turnover rate in the capital stock, which in turn accelerates the introduction of end-use efficiency improvements. The latter proposal has been applied in previous MERGE studies by assuming a faster rate of autonomous decline in China and India than in the US.
The reality is that each country's experience is unique. China and India provide two very distinct pictures. As discussed above, changes in China's institutions in recent decades allowed a correction from very inefficient industrial practices, overwhelming all other effects and driving a steep decline in energy intensity from very high levels (similar to current trends in the Former Soviet Union). With the saturation of this effect and the emergence of strong growth in energy intensive industries in China, the current decade has seen an abrupt return to the more conventional model of rising energy intensity.
Meanwhile, in India, energy intensity prior to the current decade had remained fairly constant, rising slightly but much lower than in China, and has fallen rapidly in the current decade, driven by a different and less energy-intensive industry mix. In choosing the AEEI parameter for developing countries, we have attempted to take into account current trends as well as judgments about the relevant stage and patterns of development.
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The combined implications of our AEEI choices, elasticities, and energy prices in a nopolicy baseline are reflected in Table 2 , which shows average annual rates of change in primary energy and energy intensity for the decades in question in China and India. Note that while primary energy diverges across the three growth scenarios, energy intensity changes very little. There is undoubtedly uncertainty as to the future path of energy intensity, but we have elected to hold the AEEI parameter fixed and let the variation in economic growth rates determine the range of growth in primary energy and therefore emissions. Bank's recently updated PPP exchange rates) (6, 7, 16) . Per capita income in Malaysia reached this level in 1979, Korea in 1977, Taiwan in 1973, and Japan in 1959. Fig. 3 shows model projections for per capita income, energy intensity, and per capita energy use compared to the range of experience in these four countries.
From the $4,000 level, incomes in the sample countries grew over the subsequent 24 years to between $10,000 and $18,000. The central MERGE projection reaches $15,000
by 2030, and the outliers of its range correspond closely to the sample range. Thus the economic growth rates underlying our updated specification are consistent with the historical Asian experience. As discussed above, China's energy intensity was in decline prior to 2000, after which it has risen slightly. The sample countries all had lower energy intensity than China in 2006 in the year their income level stood at $4,000. However, during the subsequent period of growth, energy intensity did not decline in any of the sample countries. This observation reinforces the pattern of energy-fueled development into which China may be entering. On the other hand, China's government has stated its goals for economic rebalancing towards a less intensive mix (17, 18) , and energy prices for the foreseeable future (though subsidized in China) will likely be higher than in the period captured by the sample data. Therefore we assume a small net decline from 2000 in the current decade, followed by continued decline afterwards so that by 2030 China is (A) Growth rates in per capita income (measured in constant 2000 PPP dollars) in other Asian countries were similar to current projections for China. (B) Energy intensity changes, the net effect of structural shifts in the economy, improvements in end-use energy efficiency, and increases in service demand with wealth, were minimal in other Asian countries while decline is projected for China (only one scenario is considered). (C) Per capita energy use has risen more quickly in China, but it is projected to follow historical patterns as energy intensity declines.
Global Implications
If 
